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Description 

[0001] The present invention relates to a method and 
apparatus using ion chromatography ("IC") followed by 
chemical conversion and detection of the sample ions. 
[0002] Ion chromatography is a known technique for 
the analysis of sample in an eluent solution containing 
an electrolyte. The sample solution is injected into a 
chromatographic separation zone, in the form of an ion 
exchange column, and directed through an eluent sup- 
pression stage, and a detector, typically a conductivity 
detector. Ions of the injected sample are separated on 
and elutedfrom a separation column. In the suppression 
stage, electrical conductivity of the eluent electrolyte, 
but not that of the separated ions, is suppressed. This 
can be accomplished so long as the separated ions are 
not derived from very weak acids or bases and so can 
be determined by conductivity detection. This general 
technique is described in U.S. Patent Nos. 3,897,213, 
3,920,397, 3,925,019 and 3,956,559. The above pat- 
ents, incorporated herein by reference, describe sup- 
pression or stripping of electrolyte using an ion ex- 
change resin bed device (called "a packed bed suppres- 
sor" or "PBS"). This general type of suppressor requires 
periodic shut-down for regeneration and performs in a 
batch rather than a continuous mode. 
[0003] Disadvantages of the packed bed suppressor 
approach as it has been practiced are well documented. 
Such suppressors normally were run until the end of a 
shift or until exhaustion of the ion exchange resin, if ear- 
lier, followed by regeneration of the PBS. The PBS in- 
cluded a large volume of high capacity ion exchange 
resin. A typical ratio of the volume of the ion exchange 
resin in the suppressor to that of the separator column 
ranged from about 2.0 to 0.5 to one, thereby suppress- 
ing the developing reagents from a large number of sep- 
aration runs (e.g. 15 to 50) prior to regeneration. Simi- 
larly, under such conditions, the ratio of capacity of the 
suppressor to that of the separation column was on the 
order of 100 to 700 to one. 

[0004] Some disadvantages of the PBS approach are 
set forth in U.S. Patent 4,474,604. For example, it limits 
the number of samples which can be consecutively an- 
alyzed. (Col. 1 , lines 38-41 ). Also, certain difficulties are 
caused by the variable length of non-depleted resin in 
the column as it is being used up. This factor can vary 
elution times of certain ions, with less or no effect on 
other ions. (Col. 1, lines 50-55). 
[0005] Other disadvantages of using a packed bed 
suppressor in the manner of the prior art include (1) re- 
striction of the number of sample injections by the ca- 
pacity of the suppressor, and (2) extra band spreading 
in the suppressor column resulting in lower resolution. 
(J.ofChromatog ., 1 981 , 218, 57, at 58). This is because 
the separated ionic species are re-mixed in the volume 
of the suppressor, resulting in a loss of resolution (peak 
broadening). The suppressor volume is thus a compro- 
mise between regeneration frequency and chromato- 



graphic resolution. Because of interaction with the sup- 
pressor column, the peak height of nitrite ion dramati- 
cally changes as a function of suppressor exhaustion. 
<J. of Chromatog ., 1982, 237, at 297). 
s [0006] An improved form of suppressor, called 'a 
membrane suppressor", was developed to overcome 
these disadvantages. Significantly, the membrane sup- 
pressor is continuously regenerated during use, leading 
to its substantially replacing the packed bed suppressor. 
10 In a membrane suppressor, a charged membrane, nor- 
mally in the form of a fiber or sheet, is used in place of 
the resin bed. In sheet form, the sample and eluent are 
passed on one side of the sheet with a flowing regener- 
ant on the other side of the sheet. The sheet comprises 
15 an ion exchange membrane partitioning the regenerant 
from the effluent of chromatographic separation. The 
membrane passed ions of the same charge as the ex- 
changeable ions of the membrane to convert the elec- 
trolyte of the eluent to a weakly ionized form, followed 
20 by detection of the ions. One highly effective form of sup- 
pressor is described in U.S. Patent 4,999,098. 
[0007] The membrane suppressor minimizes many of 
the foregoing disadvantages. However, membrane sup- 
pressors also have certain disadvantages compared to 
25 packed bed suppressors such as cost, leakage of re- 
generant causing higher detector background, the re- 
quirement for an external supply of regenerant solution 
and the fact that membrane suppressors are complex 
and not user serviceable. Thus, it would be advanta- 
ge geous to develop an inexpensive, high performance 
packed bed suppressor approach. 
[0008] Gradient elution is performed by changing 
from a weak to a strong eluent during a chromatography 
run. Gradient elution has been attempted for the PBS 
35 approach. However, such attempts were "less than suc- 
cessful". (Ion Chromatography , Small, Hamish (Plenum 
Press, 1989, p.l87) An attempt to solve one of the prob- 
lems of such systems is set forth in Suden, T, et al. Anal 
■ Chem. 1984, 56, 1085. Gradient elution also has been 
40 used in a membrane suppressor 10 system. (See, e.g. 
Rocklin, R.D., et al. J. Chromatogr. 411 (1 987) 107. 
[0009] Gradient elution is particularly useful for ana- 
lytes of interest having widely different affinities for the 
chromatographic stationary phase. An example in ion 
45 chromatography might be the separation of fluoride and 
citrate using anion exchange. In this case, fluoride has 
low affinity for the anion exchange column while citrate 
on the other hand has high affinity. In order to resolve 
these components in a single chromatographic analy- 
50 sis, gradient elution is used. In gradient elution, the elu- 
tion process begins with an eluent of low displacing pow- 
er then increases over time to an eluent of greater dis- 
placing power This can be accomplished by changing 
the concentration and/or composition of the eluent. 
55 While gradient elution solves a variety of separation 
problems, detection can be a problem since the detector 
typically is sensing some property of the eluent. Sup- 
pression converts the eluent to a low conductivity form 
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so that the conductivity detector in IC senses only very 
small changes in the bacl^ground conductivity during the 
gradient elution process. 

[0010] ISA Transactions, vol 18, no. 2, 1979, pp 
59-64, T. Miller, "On-stream ion chromatography: an aid 
to energy consen/ation" discloses the use o1 two sup- 
pressor columns. 

[0011] JP-A-63/91,558 discloses regeneration of a 
suppressor column. 

[0012] In accordance with the invention, ion chroma- 
tography methods and apparatus are provided using a 
batch-type suppressor (e.g. PBS) with significant ad- 
vantages compared to (a) systems using PBS as per- 
formed in the prior art and (b) systems using membrane 
suppressors. 

[0013] The underlying principle is that certain advan- 
tages are obtained by frequent regeneration of a batch- 
type suppressor. 

[0014] The present invention provides an ion chroma- 
tography method for analysis of a plurality of analyte 
ions in a sequential flow of sample solutions, each an- 
alyte ion being of a common charge, said charge being 
one of positive or negative, said method comprising: 

(a) eluting at least one first sample solution contain- 
ing said analyte ions in the presence of an eluent 
comprising an electrolyte through a separating me- 
dium effective to separate the analyte ions, 

(b) flowing the effluent from the separating medium 
through a first ion exchange resin bed batch-type 
suppressor containing ion exchange resin for sup- 
pressing said at least one sample solution, in which 
the electrolyte is converted to weakly ionized form 
and the analyte ions are converted to acid or base 
form, the ratio of the total capacity of the ion ex- 
change resin in said suppressor compared to the 
total capacity of said separating medium being no 
greater than about 25 to 1 , 

(c) detecting the effluent from said first suppressor 
by a detector to produce a first signal, 

(d) after completion of step (c), flowing a regenerant 
solution through said first suppressor to regenerate 
said first ion exchange resin, and 

(e) repeating steps (a)-(c) for at least a subsequent 
second sample solution. 

[0015] In step (e), steps (a)-(d) may, for example, be 
repeated for at least a subsequent second sample so- 
lution. In this case the method may, for example, also 
comprise: 

(f ) repeating steps (a), (b), and (c) for a third sample 
solution using a second suppressor, at least part of 
step (f) being performed at the same time as step 
(d). 

[001 6] The method may, for example, also comprise: 



(f) flowing a regenerant solution through a second 
suppressor to regenerate said* second suppressor 
ion exchange resin, at least part of step (f) being 
performed at the same time as steps (a), (b), and 
5 (c). 

[0017] Step (d) may be carried out before suppression 
of electrolyte from samples other than said first sample 
solution, and step (e) may be carried using a second 
10 suppressor, at least a part of step (e) being performed 
at the same time as step (d). 

[0018] Step (e) may, for example, be repeated for a 
third and fourth sample in series. 
[0019] The present invention also provides an appa- 
15 ratus for analysis of a plurality of analyte ions in a sample 
solution, each analyte ion being of common charge, said 
charge being one of positive or negative, said apparatus 
comprising: 

20 (a) separating means including separating medium 
for separating the analyte ions in the presence of 
an eluent comprising electrolyte, 

(b) suppressor means in fluid communication with 
the effluent eluting from the separating means for 

25 converting the electrolyte ion of the effluent to weak- 
ly ionized form and the analyte ions to acid or base 
form, said suppressor means comprising a batch- 
type suppressor means including ion exchange 
means, the ratio of the total capacity of the ion ex- 

30 change resin bed in said suppressor compared to 
the total capacity of the separating medium being 
no greater than about 25:1 , 

(c) means for detecting the effluent from said sup- 
pressor means, and 

35 (d) means for supplying a regenerant solution to 
said suppressor to regenerate said suppressor ion 
exchange resin. 

[0020] There are a number of different aspects of the 
40 present method. The batch-type suppressor is regener- 
ated after each chromatography run. First, the sample 
solution and electrolyte are separated and flow through 
the batch-type suppressor in which the electrolyte is 
converted to weakly ionized form and the analyte ions 
45 are converted to acid or base form. After a single run, 
the batch-type suppressor is regenerated by flowing a 
regenerant solution through it. 

[0021] Thereafter, the same steps are repeated, and 
optionally the regenerating step is repeated, for at least 

50 a subsequent sample solution. 

[0022] Regeneration may occur prior to substantial 
exhaustion of the batch-type suppressor, e.g. less than 
50% exhausted. Here, one or more samples may be an- 
alyzed prior to regeneration so long as this limitation is 

55 rnet. 

[0023] Because of such frequent or sequential regen- 
eration, much smaller capacity is required in the PBS 
compared to the prior art. A suitable relationship is that 
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the capacity of the suppressor is not greater than about 
10-20 times that of the separation medium. Capacity is 
defined as the number of mill-equivalents of ion ex- 
change sites per ml of resin, times the volume of the 
column. 

[0024] Analogously, the ratio of the volume of the ion 
exchange resin bed in the suppressor compared to the 
volume of the separating medium is small, e.g. is no 
greater than about 0.05 to 1 , preferably no greater than 
about 0.2 to 1 . Volume is defined as the volume filled by 
the separated medium or medium in the PBS. 
[0025] In another aspect, the frequency of regenera- 
tion may be defined In terms of the ratio of the time re- 
quired to complete a single analysis (e.g. measured at 
the detector) versus the time required to regenerate the 
PBS. Suitably, such ratio is about 2:1 to 10:1, typically 
3:1 to 5:1 , compared to prior art w/here the ratio was of 
the order of 0.3:1 to 1:1. 

[0026] The apparatus suitable for performing the 
present invention is similar to that of the prior art with - 
the exception that very limited volume and capacity is 
required for the suppressor because of the frequent re- 
generation. Referring to the parameter of capacity, a ra- 
tio of total capacity of the ion exchange resin in the sup- 
pressor compared to that of the separating medium can 
be less than about 10-20 to 1. Defined in terms of vol- 
ume, the ratio of the volume of the suppressor ion ex- 
change resin compared to the volume of the separating 
medium may be less than about 0.05 to 1, and is pref- 
erably no greater than about 0.2 to 1 . 
[0027] Figures 1 A and 1 B are schematic views of dif- 
ferent valve settings for a system for performing ion 
chromatography according to the present invention us- 
ing a single PBS. 

[0028] Figures 2A and "B are schematic views of dif- 
ferent valve settings for a system for performing the in- 
vention using two PBS's which are sequentially regen- 
erated. 

[0029] The system of the present invention is useful 
for determining a large number of ionic species so long 
as the species to be determined are solely anions or 
solely cations. A suitable sample includes surface wa- 
ters, and other liquids such as industrial chemical 
wastes, body fluids, beverages such as fruit juices and 
wines and drinking water. 

[0030] When the term "ionic species" is used herein, 
it includes species in ionic form and components of mol- 
ecules which are ionizable under the conditions of the 
present system. 

[0031] "Exhaustion" is defined herein as complete 
conversion from the acid (H3O+) or base (OH") form, to 
the salt (e.g. Na+ or CI") form. 

[0032] The temn "batch-type suppressor" is defined as 
a flow-through channel in contact with ion exchange 
means capable of performing ion exchange suppres- 
sion. In a typical batch-type suppressor, the ion ex- 
change means is in the form of a bed (e.g. in the form 
of ion exchange resin), capable of suppression of the 



eluent electrolyte as described above. Such beds are 
referred to interchangeably by the terms "PBS" or 
■packed bed suppressor". Since such beds are a pre- 
ferred form of batch-type suppressor, the present de- 

s scription will refer to the PBS. However, the term batch- 
type suppressor encompasses other ion exchange 
means which can perform the suppression function, e. 
g., a charged screen or ion exchange packing other than 
ion exchange resin or an ion exchange surface in con- 

10 tact with the channel. The term batch-type suppressor 
excludes membrane suppressors which operate contin- 
uously without shut-down for regeneration. 
[0033] The purpose of the suppressor stage is to re- 
duce the conductivity and noise of the analysis stream 

15 background while enhancing the conductivity of the an- 
alytes (i.e., increasing the signal/noise ratio) particularly 
for well ionized species, while maintaining chromato- 
graphic efficiency. 

[0034] Referring to Figures 1A and IB, a simplified 
20 apparatus for performing the present invention is illus- 
trated. The system includes chromatographic separa- 
tion means, typically in the form of a chromatographic 
separation column 10, which is packed with a chroma- 
tographic separation medium. In one embodiment re- 

25 ferred to above, such medium is in the form of ion ex- 
change resin. In another embodiment, the separation 
medium is a porous hydrophobic chromatographic resin 
with essentially no permanently attached ion exchange 
sites. This system is used for mobile phase ion chroma- 

30 tograph (lyiPlC) as described in U.S. Pat. No. 4,265,634. 
An ion exchange site-forming compound, including a hy- 
drophobic portion and an ion exchange site, is passed 
through the column and is reversibly adsorbed to the 
resin to create ion exchange sites. 

35 [0035] Arranged in series with column 10 is suppres- 
sor means 11 sen/ingtosuppresstheconductivity of the 
electrolyte of the eluent from column 1 0 but not the con- 
ductivity of the separated ions. (This system works best 
for strong acids and strong bases.) The conductivity of 

40 the separated ions is usually enhanced in the suppres- 
sion process. 

[0036] The effluent from suppressor means 11 is di- 
rected to a first detector in the form of conductivity cell 
12 for detecting all the resolved ionic species therefrom, 

45 preferably in the form of a flow-though conductivity cell. 
A suitable sample is supplied through sample injection 
valve 13 which is passed through the apparatus in the 
solution of eluent from eluent reservoir 14 drawn by 
pump 15, and then is passed through the sample injec- 

50 tion valve 1 3. The solution leaving column 1 0 is directed 
to suppressor means 11 wherein the electrolyte is con- 
verted to a weakly conducting form. 
[0037] The separated ionic species, treated by sup- 
pressor means 11, is then detected in the effluent. 

55 Means is provided for detecting the ion species. Prefer- 
ably, detection is by ion conductivity and so the present 
system is described using an ion conductivity detector 
However, other forms of detectors may be used includ- 



4 



7 



EP 0 671 002 B1 



8 



ing absorbance, mass spectrometry, and inductively 
coupled plasma. The detector of the present invention 
will be described with reference to conductivity detector 
12. 

[0038] Referring again to Figure 1, the effluent from 
suppressor means 11 passed through conductivity cell 
12. In conductivity cell 1 2, the presence of ionic species 
produces an electrical signal proportional to the amount 
of ionic material. Such signal is typically directed from 
the cell 12 to a conductivity meter, not shown, thus per- 
mitting detection of the concentration of separated ionic 
species. 

[0039] Means is provided for regenerating the PBS in 
the form of a regenerant reservoir 16. In one mode, to 
accomplish periodic regeneration of PBS 11 , two coop- 
erative three-way valves 17 and 18, respectively are 
provided. Regenerant solution from a reservoir in the 
form of open-necked bottle 16 may be directed by any 
suitable means such as a pump or by gas pressure as 
from a nitrogen cylinder 1 9 through a pressure regulator 
20 into the top of a stopper 21 in the neck of the bottle 
16 taking the form of a fluid bottle. 
[0040] Tubing 22 extends through the stopper 21 into 
the regenerant liquid in bottle 16 and receives the re- 
generant solution which is directed to valve 18. 
[0041] Figure 1A illustrates the valve setting for all 
stages except for regeneration. Specifically the valve 
setting is the same for suppressor equilibration, the start 
of analysis and sample injection, and through the end 
of analysis. During all of these stages, valve 1 7 is set so 
that the effluent from column 10 flows through PBS 11 , 
valve 18 and through conductivity cell 12 for analysis 
and then to waste. Arrows A illustrate the direction of 
the flow. In this valve setting, there is no flow in the re- 
generant line. 

[0042] Referring to Figure IB, the valves are set for 
suppressor regeneration. The system is flushed by elu- 
ent flowing from the resewoir through valves 1 7 and 1 8 
and to waste as illustrated by arrows B. During this cy- 
cle, the regenerant flows from resen/oir 1 6 through valve 
17, PBS 11, and through valve 17 to waste. 
[0043] Referring to Figures 2A and 2B, the system is 
illustrated using two PBS's in which one PBS is being 
used while the other is being regenerated. Like parts will 
be designated with like numbers in the single PBS sys- 
tem of Figure 1 . In this instance, the suppressor to the 
right will be designated by the number 23 and the sup- 
pressor to the left will be designated by the number 24. 
In this case, two four-way valves, 17a and 18a, respec- 
tively are provided. The valve setting of Figure 2A illus- 
trates the use of suppressor 23 and regeneration of sup- 
pressor 24. Eluent flow is illustrated by the arrows C 
while regenerant flow is illustrated by the arrows D. 
Thus, the sample and analyte flow sequentially from an- 
alytical column 10, valve 17a, PBS 23, valve 18a, and 
through conductivity cell 1 2 in which the analyte ions are 
detected. Simultaneously as indicated by arrow D, re- 
generant from reservoir 16 flows sequentially through 



valve 18a, PBS 24, valve 17a and to waste. 
[0044] Figure 2B illustrates the valve setting after 
completion of the cycle in which the valve setting is 
switched so that PBS 23 is being regenerated while PBS 
5 24 is in use. In this instance, arrows E illustrate the flow 
of analyte ions for detection while arrows F illustrate the 
flow of regenerant through PBS 23. 
[0045] Applicants have discovered that the combina- 
tion of a small volume PBS and/or frequent regeneration 
10 of the PBS is advantageous in contradiction to the 
teachings of the prior art. These advantages include im- 
proved system efficiency due to lower suppressor col- 
umn volume, no retention changes due to variable ex- 
clusion effects, and minimal undesirable chemical reac- 
15 tions due to resin contact. This enables the use of a mi- 
cro-volume suppressor which can be regenerated after 
each analysis or after a few analyses in comparison to 
the large volume suppressors with less frequent regen- 
eration. The ability to perform frequent regeneration and 
20' equilibration is unexpected. The analytical performance 
of the system with respect to detection limits, chroma- 
tographic efficiency and simplicity compare favorably 
with the membrane suppressor approach. 
[0046] In one aspect of the invention, the PBS is re- 
25 generated after each chromatography run. Thus, after 
a typical analysis taking 5 to 15 minutes, illustrated in 
Figures 1 A and 2A, the valving is switched to regenerate 
the PBS illustrated in Figures IB and 2B. Suitable re- 
generation times are of the order of 1 to 5 minutes. A 
30 suitable ratio of analysis time to regeneration time to 
analysis time is 20:1 to1:1 minutes. In other aspects of 
the invention described infra , one or more chromatog- 
raphy runs may be performed prior to regeneration. 
[0047] In another aspect of the invention, the f requen- 
35 cy of regeneration may be defined in terms of the time 
required to flow the sample solution through the analyt- 
ical column or PBS. Typically, such flow prior to regen- 
eration occurs in less than about 3 to 30 minutes com- 
pared to the much longer flow in the prior art PBS tech- 
no niques. This interrelates with the low volume and low 
capacity PBS as set forth below. 
[0048] Because of the frequent regeneration, the ca- 
pacity of the PBS need be only a small fraction of the 
PBS capacity used in the prior art techniques which typ- 
45 ically were run to exhaustion. In that regard, the ratio of 
total capacity of the ion exchange resin in the suppres- 
sor compared to that of the separator medium can be 
about 5 to 25 to 1 and is typically less than about 10 to 
1 . Defining this smaller capacity in terms of relative vol- 
50 umes, the ratio of the volume of the PBS ion exchange 
resin compared to the volume of the separating medium 
is typically from about 0.03 to 2 to 1 , and, typically is less 
than about 0.05:1 to 1. 

[0049] Equilibration of suppressor column typically 
55 takes about 1 to 5 minutes for an analysis of about 5 to 
15 minutes. A suitable ratio of equilibration to analysis 
is from about 0.05: 1 to 0.5: 1 . For a single PBS embod- 
iment of Figure 1 , the ratio of analysis and equilibration 
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time compared to regeneration time can be varied as 
desired. However, they are suitably perlormed in the 
same time. 

[0050] For the dual PBS embodiment of Figure 2, it is 
preferable that the analysis and equilibration time be 
equal to the regeneration time to use the illustrated co- 
operative valving. However, this timing may be varied 
by using other valve arrangements. 
[0051] While a preferred mode is to regenerate after 
each cycle, two or more to as many as 5 analyses may 
be run, for certain applications, and still take advantage 
of the principle of frequent regeneration as set forth 
above. 

[0052] In another aspect of the invention, the system 
may be defined in terms of the degree of exhaustion pri- 
or to regeneration. Thus, the PBS ion exchange resin is 
typically less than about 30% to 50% exhaustion prior 
to regeneration. This figure is significant in the context 
of the use of the relatively low capacity PBS of the 
present invention in comparison to the prior art. 
[0053] The flow rates used for the described system 
are typical for ion chromatography Also, the system is 
capable of analyzing the same type of analytes as ana- 
lyzed in membrane suppressor systems using similar 
eluents including gradient eluents. Gradient elution is 
defined as elution performed by changing from a weak 
toa strong eluent during a run. Such an eluent is referred 
to as a gradient eluent. Examples of suitable gradient 
eluents are illustrated in Rocklin, R.D. et al (Journal of 
Chromatography 411 (1987) 107.) and in Ion Chroma- 
tography , Small, H. (Plenum Press 1 989) pp. 1 87, 21 3. 
They include increases in eluent strength as a function 
of time in the shape of linear, concave, convex, step, 
linearwith hold periods, andcombinationsofthesefunc- 

tions. 

[0054] The regenerant solution is similar to that used 
in the prior art. For example, the concentration of the 
regenerant suitably may be 0.01 to 3M and preferably 
0.1 to 0.5M. The concentration to be used interrelates 
with the volume required which is typically small for this 
microvolume size of the PBS. For example, one mL of 
sulfuric acid as 0.3M is sufficient to regenerate a 2mm 
x 50mm suppressor with a capacity of 0.2 meq per col- 
umn. 

[0055] In order to clearly define the invention, the fol- 
lowing examples of its use are provided. 

EXAMPLES 

Example 1 - Isocratic Single PBS System 

Chromatographic System: 

[0056] 

Instrument: Dionex DX-300 with Al 450 data collec- 
tion and system control. 
Column: Dionex HPIC-AS4A SC 



Eluent: 1 .8 mM NaHCOg. 1.7 mM NagCOg 

Eluent Flow rate; 2.0 mL/min. 

Sample 

s 1. 

Img/L F" 
1.5mg/L CI" 
1.5mg/L NOj" 
10 2.0 mg/L Br 

1.5 mg/L NOg" 
7.5 mg/L HP042- 
7.5 mg/L SO42- 

15 2. 

266 ug/L F" 
100 ug/L Cl- 
100 ug/L N02- 
20 133 ug/L Br 

100 ug/L NO3- 
333 ug/L HPO42- 
500 ug/L SO42- 
Inj. Loop: 50 uL 

25 

Suppressor System: 
[0057] 

30 Column: 2mm x 50 mm hardware packed with 
Dowex 50x8 strong acid cation exchange resin. 
Regenerant: 0.3M H2S04 
Regenerant Flow rate: 3 mL/min. 

35 [0058] The following procedure is performed using 
the system of Figures 2A and 2B. 

Step 1 

40 [0059] Switch valve 17/18 so that eluent is by-passing 
suppressor column 11 and regenerant solution 16 is in 
line with suppressor column 11. Pump 0.3M H2SO4 re- 
generant (1 6) for 0.2 to 0.3 min. at 3 mL/min. by applying 
approximately 10 to 15 psi to regenerant bottle through 

45 regulator 20 from nitrogen source 1 9. 

Step 2 

[0060] Switch valve 1 7 back so that regenerant is not 
so flowing through suppressor column and so that eluent 
is flowing from separator 10 through suppressor 11 and 
to detector cell 1 2. 

Step 3 

55 

[0061] Allow the system to equilibrate. System is 
equilibrated w/hen detector background drift is less than 
0.03uS/min. Equilibration takes typically 1 to 3 minutes. 
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Step 4 

[0062] Load sample into injection valve 1 3 and inject 
sannple into system. Collect chromatogram as detector 
response vs. time on a typical integrator or computer 
based chromatography data collection system. 
[0063] A chromatogram may be collected from the 
single sequentially regenerated PBS system using 
Sample #1 . A chromatogram may also be collected on 
the same system using sample #2, which demonstrates 
minimal drift and excellent detection limits. 

Example 2 - Isocratic, Dual SRPBS System 

Chromatographic System; 

[0064] 

Instrument: Dionex DX-300 with Al 450 data collec- 
tion and system control 
Column: Dionex HP1C-AS4A SC 
Eluent: 1 .8 mM NaHCOg, 1 .7 mM NagCOg 
Eluent Flow rate: 2.0 mL/min. 
Sample 

1 mg/L F- 
1.5mg/LCI- 
1 .5 mg/L NOg- 
2.0 mg/L Br 
1 .5 mg/L NOg 
7.5 mg/L HPO42- 
7.5 mg/L SO42- 
Inj. Loop: 50 uL 

Suppressor System: 

[0065] 

Column: 2mm x 50mm hardware packed with 
Dowex 50X8 strong acid cation exchange resin. 
Regenerant: 0.3M H2S04 
Regenerant Flow rate: 3mLymin. 

[0066] The following procedure is performed using 
the system of Figures 1 A and 1 B. 

Step 1 

[0067] Switch valve 17 so that eluent is flowing 
through suppressor column 23 and by-passing suppres- 
sor column 24 and regenerant solution 16 is flowing 
through suppressor column 11 and by-passing suppres- 
sor column 24. In this configuration, suppressor column 
23 is in use and suppressor column 24 is positioned for 
regeneration. 



Step 2 

[0068] Pump 0.3 M H2SO4 regenerant (16) for 0.2 to 
0.3 min. at 3 mL/min. across suppressor column 23 by 
s applying approximately 5 psi to regenerant bottle 
through regulator 20 from nitrogen source 19. Suppres- 
sor column 23 is being regenerated while suppressor 
column 24 is In use. 

10 Step 3 

[0069] While step 2 is in progress continue with steps 
4 and 5. 

15 step 4 

[0070] Allow the analytical system to equilibrate with 
the freshly regenerated suppressor column. System is 
equilibrated when detector background drift is less than 
20 0:03^S/min. Equilibration takes typically 1 to 3 minutes. 

Steps 

[0071] Load sample into injection valve 1 3 and inject 
25 sample into system. Collect chromatogram as detector 
response vs. time on a typical integrator or computer 
based chromatography data collection. 

Step 6 

30 

[0072] Switch valve 17 so that eluent is flowing 
through suppressor column 24 and by-passing suppres- 
sor column 23 and regenerant solution 16 is flowing 
through suppressor column 23 and by-passing suppres- 
35 sor column 24. In this configuration, suppressor column 
24 is in use, and suppressor column 23 is positioned tor 
regeneration. 

Step 7 

40 

[0073] Continue with steps 2 through 5, alternating 
between freshly regenerated suppressors 23 and 24 for 
each sample injection. 

45 Example 3 - Gradient SRPBS System 

Chromatography System: 

[0074] 

so 

Instrument: Dionex DX-300 with Al 450 data collec- 
tion and system control 
Column: Dionex HPIC-AS5A 
Eluent: ImM NaOH to 80 mM NaOH gradient in 30 
55 min. 

Eluent Flow rate: 1.0 mL/min. 
Inj. Loop: 50 uL 
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Sample: 


1, 


Fluoride 


1 mg/L 


2. 


Acetate 


10 mg/L 


3. 


Butyrate 


10 mg/L 


4. 


Formate 


5 mg/L 


5, 


Pyruvate 


10 mg/L 


6. 


Monochloroacetate 


10 mg/L 


7. 


Bromate 


10 mg/L 


8. 


Chloride 


10 mg/L 


9. 


Nitrite 


10 mg/L 


10. 


Dicloroacetate 


10 mg/L 


11. 


Selenite 


10 mg/L 


12. 


Bromide 


10 mg/L 


13. 


Nitrate 


1 u mg/L 


14. 


Sulfate 


10 mg/L 


15. 


Oxalate 


10 mg/L 


16. 


Selenate 


10 mg/L 


17. 


Phosphate 


10 mg/L 


18. 


Arsenate 


10 mg/L 


19. 


Chromate 


10 mg/L 


20. 


Citrate 


10 mg/L 



to 



0.03uS/min. Equilibration takes typically 1 to 3 minutes. 
The separator column requires approximately 5 to 15 
minutes of equilibration with starting eluent to provide 
reproducible chromatography, thus the suppressor 
equilibrates with eluent during the same period. 

Step 4 

[0080] Load sample into injection valve 1 3 and inject 
sample into system. Start eluent gradient at the same 
time the sample is injected. Collect chromatogram as 
detector response vs. time on a typical integrator or 
computer based chromatography data collection sys- 
tem. 



75 



20 



25. 



Claims 



Suppressor System: 
[0075] 

Column: 2mm x 250mm hardware packed with 
Dowex 50x8 trong acid cation exchange resin. 
Reagent: 0.3M H2S04 
Regenerant Flow rate: 2mL/min. 

[0076] The following procedure is performed using 
the system of Figures 1 A and 1 B. 

Step 1 

[0077] Switch valve 17 so that eluent is by-passing 
suppressor column 11 and regenerant solution 16 is in 
line with suppressor column 11 . Pump 0.3 M H2SO4 re- 
generant (16) for 3 minutes at 2mL/min. by applying ap- 
proximately 10 to 15 psi to regenerant bottle through 
regulator 20 from nitrogen source 19. 

Step 2 

[0078] Switch valve 1 7 back so that regenerant is not 
flowing through suppressor column and so that eluent 
is flowing from separator 10 through suppressor 11 and 
to detector cell 12. 

Step 3 

[0079] Allow the system to equilibrate. System is 
equilibrated when detector background drift is less than 



30 



35 



40 



45 



50 



55 



1. /\n ion chromatography method for analysis of a 
plurality of analyte ions in a sequential flow of sam- 
ple solutions, each analyte ion being of a common 
charge, said charge being one of positive or nega- 
tive, said method comprising: 

(a) eluting at least one first sample solution con- 
taining said analyte ions in the presence of an 
eluent comprising an electrolyte through a sep- 
arating medium effective to separate the ana- 
lyte ions, 

(b) flowing the effluent from the separating me- 
dium through a first ion exchange resin bed 
batch-type suppressor containing ion ex- 
change resin for suppressing said at least one 
sample solution, in which the electrolyte is con- 
verted to weakly ionized form and the analyte 
ions are converted to acid or base form, the ra- 
tio of the total capacity of the ion exchange res- 
in in said suppressor compared to the total ca- 
pacity of said separating medium being no 
greater than about 25 to 1 , 

(c) detecting the effluent from said first suppres- 
sor by a detector to produce a first signal, 

(d) after completion of step (c), flowing a regen- 
erant solution through said first suppressor to 
regenerate said first ion exchange resin, and 

(e) repeating steps (a)-(c) for at least a subse- 
quent second sample solution. 

2. The method of Claim 1 in which, in step (e), steps 
(a)-(d) are repeated for at least a subsequent sec- 
ond sample solution. 

3. The method of Claim 2 which comprises: 

(f) repeating steps (a), (b), and (c) for a third 
sample solution using a second suppressor, at 
least part of step (f) being performed at the 
same time as step (d). 
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4. The method of Claim 2 which comprises; 

(f) flowing a regenerant solution through a sec- 
ond suppressor to regenerate said second sup- 
pressor ion exchange resin, at least part of step 
(f) being performed at the same time as steps 
(a), (b), and (c). 

5. The method of Claim 1 wherein step (d) is carried 
out before suppression of electrolyte from samples 
other than said first sample solution, and step (e) is 
carried out using a second suppressor, at least part 
of step (e) being performed at the same time as step 
(d). 

6. The method of Claim 4 wherein step (d) is carried 
out before suppression of electrolyte from samples 
other than said first sample solution. 

7. The method of any one of Claims 1 to 6 in which the 
ratio of the volume of the ion exchange resin bed In 
said suppressor compared to the volume of said 
separating medium is no greater than about 0.2 to 1 . 

8. The method of any one of Claims 1 to 7 in which 
step (e) is repeated for a third and fourth sample in 
series. 

9. The method of any one of Claims 1 to 8 in which the 
ratio of the capacity of the ion exchange resin in the 
suppressor compared to the capacity of the sepa- 
rating medium is less than about 10:1 . 

10. . The method of any one of Claims 1 to 9 in which the 
elution of step (a) is performed by gradient elution 
using a gradient eluent. 



11. The method of any one of Claims 1 to 10 in which 
the time for step (d) is no greater than about 5 min- 
utes. 



12. An apparatus for analysis of a plurality of analyte 
ions in a sample solution, each analyte ion being of 
common charge, said charge being one of positive 
or negative, said apparatus comprising: 

(a) separating means (10) including separating 
medium for separating the analyte ions in the 
presence of an eluent comprising electrolyte, 

(b) suppressor means (11) in fluid communica- 
tion with the effluent eluting from the separating 
means tor converting the electrolyte ion of the 
effluent to weakly ionized form and the analyte 
ions to acid or base form, said suppressor 
means (11) comprising a batch-type suppres- 
sor means including ion exchange means, the 
ratio of the total capacity of the ion exchange 
resin bed in said suppressor compared to the 



total capacity of the separating medium being 
no greater than about 25:1 , 
(c) means (12) for detecting the effluent from 
said suppressor means, and 
s (d) means (16) for supplying a regenerant so- 

lution to said suppressor to regenerate said 
suppressor ion exchange resin. 

13. The apparatus of Claim 1 2 in which the ratio of the 
to volume of the ion exchange resin bed in the sup- 
pressor means (11) compared to the volume of the 
separating medium is no greater than about 0.2 to 1 . 



is PatentansprOche 

1. lonenaustauschchromatographie-Verfahren zur 
Analyse einer Vielzahl von Analytionen in einem 
aufeinanderfolgenden FluB von Probenlosungen, 
20 wobei die einzelnen Analytionen eine gemeinsame 
Ladung aufweisen, die entweder posit iv oder nega- 
tiv sein kann, und das Verfahren folgende Stufen 
umfaRt: 

25 (a) Eluierung wenigstens einer ersten die Ana- 

lytionen enthattenden Probenlosung in Anwe- 
senheit eines einen Elektrolyten umfassenden 
Eluierungsmittels durch ein Trennungsmedi- 
um, das die Analytionen voneinander zu tren- 

30 nen vermag, 

(b) Durchleiten des aus dem Trennungsmedi- 
um austretenden Stroms durch einen ersten 
ein lonenaustauschharzbett enthaltenden, 

35 chargenweise arbeitenden Suppressor zur Un- 

terdruckung wenigstens einer Probenlosung, in 
der der Elektrolyt in eine schwach ionisierte 
Form uberf uhrt wird und die Analytionen in die 
saure oder basische Form uberfuhrt werden, 

40 wobei das Vertialtnis der Gesamtkapazitat des 

im Suppressor enthaltenen lonenaustausch- 
harzes verglichen mit der Gesamtkapazitat des 
Trennungsmediums einen Wert von ca. 1:25 
nicht ubersteigt, 

45 

(c) Nachweis des aus dem ersten Suppressor 
austretenden Stroms mit Hilfe eines Detektors 
zur Erzeugung eines ersten Signals, 

50 (d) nach AbschluB der Stufe (c) Hindurchleiten 

einer Regenerierungsmittellosung durch den 
ersten Suppressor zur Regenerterung des er- 
sten lonenaustauschharzes und 

55 (e) Wiederholen der Stufen (a) bis (c) fur we- 

nigstens eine nachfolgende zweite Probenlo- 
sung. 
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2. Verfahren nach Anspruch 1 , bei dem auf Stufe (e) 
die Stufen (a) bis (d) fur wenigstens eine nachfol- 
gende zwelte Probenlosung wiederholt werden. 

3. Vertahren nach Anspruch 2, das ^ 

(f ) die Wiederholung der Stufen (a), (b) und (c) 
fur eine dritte Probenlosung unter Venwendung 
eines zweiten Suppressors unnfaRt, wobei we- 
nigstens ein Tail der Stufe (f) gleichzeitig mit io 
Stufe (d) durchgefuhrt wird. 

4. Verfahren nach Anspruch 2, das 



(f) das Durchleiten einer Regenerierungslo- 
sung durch einen zweiten Suppressor umfaOt, 
urn das zweite lonenaustauschharz im zweiten 
Suppressor zu regenerieren, wobei wenigstens 
eIn Tell der Stufe (f) gleichzeitig mit den Stufen 
(a), (b) und (c) durchgefuhrt wird. 

5. Verfahren nach Anspruch 1 , bei dem Stufe (d) vor 
der Unlerdruckung des Elektrolyten aus Proben, 
die die erste Probenlosung nicht umfassen, durch- 
gefuhrt wird, und Stufe (e) unter Verwendung eInes 
zweiten Suppressors durchgefuhrt wird, wobei we- 
nigstens ein Tell der Stufe (e) gleichzeitig mit Stufe 

. (d) durchgefOhrt wird. 

6. Verfahren nach Anspruch 4, bei dem Stufe (d) vor 
der Unterdruckung des Elektrolyten aus Proben, 
die die erste Probenlosung nIcht umfassen, durch- 
gefuhrt wird. 

7. Verfahren nach einem der Anspruche 1 bis 6, bei 
dem das Verhaltnis des Volumens des lonenaus- 
tauschharzbetts Im Suppressor vergllchen mit dem 
Volumen cJes Trennungsmediums einen Wert von 
ca. 0,2; 1 nicht ubersteigt. 

8. Verfahren nach einem der Anspruche 1 bis 7, bei 
dem Stufe (e) fur eine dritte oder vierte Probe in Rel- 
he wiederhott wird. 

9. Verfahren nach einem der Anspruche 1 bis 8, bei 
dem das Verhaltnis der Kapazitat des lonenaus- 
tauschharzes Im Suppressor vergllchen mit der Ka- 
pazitat des Trennungsmediums einen Wert von ca. 
10:1 nicht ubersteigt. 

10. Verfahren nach einem der Anspruche 1 bis 9, bei 
dem die Eluierung der Stufe (a) durch Gradlentelu- 
tion unter Venwendung eines Gradlenteluenten 
durchgefuhrt wird. 

11. Verfahren nach einem der Anspruche 1 bis 10, bei 
dem die Dauer von Stufe (d) ca. 5 min nicht uber- 
schreitet. 



12. Vorrichtung fur die Analyse einer Vielzahl von Ana- 
lytionen In einer Probenlosung, wobei die einzelnen 
Analytlonen gemelnsame Ladung aufweisen, die 
entweder positiv oder negativ sein kann, und die 
Vorrichtung folgendes umfaBt: 

(a) Trennmlttel (10) einschlieBlich eines Trenn- 
medlums fur die Auftrennung der Analytlonen 
in Anwesenhelt eines einen Elektrolyten um- 
fassenden Eluenten, 

(b) Suppressormittel (11) In Flusslgkeitsverbin- 
dung mit dem aus dem Trennmlttel austreten- 
den eluierenden Strom zur Umwandlung des 
Elektrolytlons des austretenden Stroms in eine 
schwach lonlsierte Form und der Analytlonen 
in die saure oder baslsche Form, wobei das 
Suppressormittel (11) einen chargenwelse ar- 
beitenden Suppressor darstellt, der lonenaus- 
tauschmittel umfalJt, das Verhaltnis der Ge- 
samtkapazitat des lonenaustauschharzbettes 
im Suppressor vergllchen mit der Gesamtkapa- 
zitat des Trennungsmediums ca. 25:1 nicht 
ubersteigt, 

(c) M\ne\ (1 2) zum Nachweis des aus dem Sup- 
pressormittel austretenden Stroms und 

(d) r\/llttel (1 6) fur die Beschickung des Suppres- 
sors mit einer Regenerlerungslosung zur Re- 
generierung des lonenaustauschharzes Im 
Suppressor. 

1 3. Vorrichtung nach Anspruch 1 2, bei der das Verhalt- 
nis des Volumens des lonenaustauschharzbettes 
Im Suppressormittel vergllchen mit dem Volumen 
des Trennungsmediums ca. 0,2:1 nicht ubersteigt. 



40 Revendlcatlons 



IVISthode de chromatographle d'6change d'lons 
pour I'analyse d'une plurality d'lons sen/ant d'ana- 
lyte dans I'dcoulement de mani&re successive de 
solutions d'6chantillon, chaque ion servant d'analy- 
te ayant une charge commune, ladite charge 6tant 
une charge positive ou negative, ladite methode 
comprenant les 6tapes conslstant : 



J5 



20 



25 



30 



35 



45 



SO 



55 



(a) & 6luer au molns une premiere solution 
d'echantillon contenant lesdits ions servant 
d'analyte en presence d'un 6luant comprenant 
un electrolyte & travers un milieu de separation 
efficace pour separer les ions servant d'analy- 
te, 

(b) a provoquer I'ecoulement de I'effluent du mi- 
lieu de separation h travers un premier sup- 
presseur discontinu k tit de rdsine ^changeuse 
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d'ions contenant une resine echangeuse d'ions 
pour la suppression de ladite solution d'echan- 
tiilon d'au moins un type, dans lequel 1'electro- 
lyte est converti en une forme faiblement ioni- 
see at les ions servant d'analyte sont convertis 
en une forme acide ou basique, ie rapport de 
la capacity totale de la r6sine 6changeuse 
d'ions dans ledit suppresseur a la capacite to- 
tale dudit milieu de separation etant non supe- 
rieur k un rapport d'environ 25 § 1 , 

(c) k d6tecter I'effluent provenant dudit premier 
suppresseur par un detecteur pour produire un 
premier signal, 

(d) apres I'achevement de I'etape (c), a provo- 
quer I'ecoulement d'une solution de regenerant 
a travers ledit premier suppresseur pour rege- 
n6rer ladite premiere r6sine dchangeuse 
d'ions, et 

(e) a repeter les etapes (a) a (c) pour au moins 
une seconde solution d'6chantillon ult6rieure. 

2. Methode suivant la revendication 1, dans laquelle, 
dans I'etape (e), les 6tapes (a)-(d) sont r6p6t6es 
pour au moins une seconde solution d'echantillon 
ulterieure. 

3. Methode suivant la revendication 2, qui comprend : 

(f) la repetition des etapes (a), (b) et (c) pour 
une troisi6me solution d'6chantillon en utilisant 
un second suppresseur, au moins une partie de 
l'6tape (f) 6tant mise en oeuvre en mgme temps 
que I'etape (d). 

4. Methode suivant la revendication 2, qui comprend : 

(f) I'ecoulement d'une solution de regenerant a 
travers un second suppresseur pour regenerer 
la r6sine dchangeuse d'ions dudit second sup- 
presseur, au moins une partie de I'etape (f) 
etant effectuee en mSme temps que les stapes 
(a), (b) et (c). 

5. Methode suivant la revendication 1, dans laquelle 
l'6tape (d) est mise en oeuvre avant la suppression 
de l'6lectrolyte d'6chantillons autres que ladite pre- 
miere solution d'echantillon, et I'etape (e) est mise 
en oeuvre en utilisant un second suppresseur, au 
moins une partie de l'6tape (e) 6tant mise en oeuvre 
en meme temps que I'etape (d). 

6. M6thode suivant la revendication 4, dans laquelle 
I'etape (d) est mise en oeuvre avant la suppression 
de l'6lectrolyte d'6chantillons autres que ladite pre- 
miere solution d'6chantillon. 

7. M6thode suivant I'une quelconque des revendica- 
tions 1 S 6, dans laquelle Ie rapport du volume du 



lit de resine echangeuse d'ions dans Ie suppresseur 
au volume du milieu de separation est non supe- 
rieur h un rapport d'environ 0,2 k^. 

s 8. Methode suivant I'une quelconque des revendica- 
tions 1 k 7, dans laquelle I'etape (e) est rSpetee pour 
des troisieme et quatrifeme 6chantillons en s6rie. 

9. Methode suivant I'une quelconque des revendica- 
10 tions 1 k 8, dans laquelle Ie rapport de la capacite 
de la resine echangeuse d'ions dans Ie suppresseur 
a la capacite du milieu de separation est inferieur a 
environ 10:1. 

is 10. Methode suivant I'une quelconque des revendica- 
tions 1 a 9, dans laquelle I'elution de I'etape (a) est 
effectuee par eiution en gradient en utilisant un 
eiuant en gradient. 

20 11. Methods suivant I'une quelconque des revendica- 
tions 1 a 10, dans laquelle Ie temps de I'etape (d) 
est non superieur a environ 5 minutes. 

12. Appareil pour I'analyse d'une pluralite d'ions ser- 
25 vant d'analyte dans une solution d'echantillon, cha- 

que ion servant d'analyte ayant une charge com- 
mune, ladite charge etant une charge positive ou 
negative, ledit appareil comprenant : 

30 (a) un moyen de separation (10) comprenant 

un milieu de separation pour separer les ions 
servant d'analyte en presence d'un eiuant com- 
prenant un electrolyte, 

(b) un moyen de suppression (11) en commu- 
35 nication par un fluide avec I'effluent elue du 

moyen de separation pour convertir I'ion de 
I'electrolyte de I'effluent en une forme faible- 
ment ionisee et les ions de I'analyte en une for- 
me acide ou basique, ledit moyen de suppres- 

40 sion (11) comprenant un moyen de suppres- 

sion discontinu comprenant un moyen echan- 
geur d'ions, Ie rapport de la capacite totale du 
lit de resine echangeuse d'ions dans ledit sup- 
presseur & la capacite totale du milieu de se- 

45 paration etant non superieur k un rapport d'en- 

viron 25:1, 

(c) un moyen (12) pour detecter I'effluent issu 
dudit moyen de suppression, et 

(d) un moyen (16) pour fournir une solution de 
so regenerant audit suppresseurafinde regenerer 

la resine echangeuse d'ions dudit suppresseur. 

13. Appareil suivant la revendication 12, dans lequel Ie 
rapport du volume du lit de resine echangeuse 

55 d'ions dans Ie moyen de suppression (1 1 ) au volu- 
me du milieu de separation est non superieur k en- 
viron 0,2 & 1. 
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Figure lA 
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Figure IB 
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Figure 2A 
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